Background Dermoid cysts in the myelomeningocele (MMC) site are thought to arise in a delayed fashion because of iatrogenic implantation of dermoid elements at the time of the initial repair surgery. However, there have been few reports on dermoid elements already present at birth. Clinical presentation We report a patient, in whom dermoid cyst was located at dorsal aspect of the conus medullaris in the MMC sac. Between 23 +3 and 24 +4 weeks of gestation, rupture of the MMC sac occurred. At this time of gestation, we speculate that rupture of the dermoid cyst also occurred and dissemination of the cyst contents caused chemical arachnoiditis in the MMC sac. At the age of 1 day, surgery to repair MMC and postoperative histological findings revealed these rare pathologies. Conclusion Physicians should be aware of the possibility of rupture of a dermoid cyst in the MMC sac during fetal period.
Introduction
Dermoid and epidermoid cysts in the myelomeningocele (MMC) site are thought to arise in a delayed fashion because of iatrogenic implantation of dermoid elements at the time of the initial surgery for repair of MMC [1] . The clinical presentation in most cases of MMC supports this theory because such tumors are discovered when a patient who has undergone previous MMC repair presents with a progressive neurological deficit at a later time in life [2] . However, there have been few reports on dermoid elements already present within a dysraphic neural structure at the initial surgery for repair of MMC. Chadduck and Roloson [3] reported a patient in whom dermoid elements were found in the filum terminale, immediately distal to the placode. Ramos et al. [4] also reported a patient with a tiny dermoid tumor over the dorsolateral to the placode. Storrs et al. [5] examined pathological findings from excised placodes in patients with MMC and concluded that dermal hamartomas are frequent findings. We report here a patient in whom a dermoid cyst, which was located at the dorsal aspect of the conus medullaris in the MMC sac, ruptured and caused chemical arachnoiditis during the fetal period. These findings were identified at the initial surgery for repair of MMC.
Case report
A 35-year-old, healthy, gravida 2, para 1 woman underwent routine abdominal ultrasound (US) at 21 +3 weeks of gestation during a seemingly uneventful pregnancy. US showed a lumbosacral cerebrospinal fluid (CSF)-filled mass and ventriculomegaly. Prenatal magnetic resonance imaging (MRI), which was performed at 23 +3 weeks, showed a neural placode in the MMC sac ( Fig. 1a ). Hydrocephalus and Chiari malformation were also observed. She was referred to our hospital at 24 +4 weeks. Abdominal US demonstrated spina bifida, but failed to show an MMC sac, which was confirmed by repeated prenatal MRI at 36 +4 weeks ( Fig. 1b) .
At 38 +4 weeks, labor was induced because of planned delivery. The mother vaginally delivered a female neonate weighing 2802 g with Apgar scores of 8 and 9. A ruptured MMC was noted at the lumbosacral region ( Fig. 2a ). The neonate had clubfoot on both sides and mild urinary and anal dysfunction.
At the age of 1 day, she underwent repair surgery for MMC following placement of Ommaya's CSF reservoir. Through a defect of the turbid, thickened MMC sac, the cauda equina, which was covered with the turbid membrane, was observed ( Fig. 2b-1 , b-2, c-1). The dorsal aspect of the conus medullaris adhered to the back surface of the remnant MMC sac. Incision of the MMC sac was made around this adhesion site ( Fig. 2b-3 , c-2) and the inside view of the MMC was exposed. Tissue adhering to the MMC sac, together with the overlaying MMC sac, was resected from the conus medullaris ( Fig. 2b-4 ). An open neural placode was not observed. The cauda equina and nerve roots were covered with the turbid membrane. Keratin debris and a few hairs were noted between the nerve roots on both sides ( Fig. 2b-5 ). The turbid membrane over the cauda equina was also resected ( Fig. 2b-6 , b-7). The excised surface on the conus medullaris was approximated with pial sutures ( Fig. 2c-3 ). Duraplasty was performed in the usual manner.
The postoperative course was uneventful and Ommaya's CSF reservoir was replaced by a ventriculoperitoneal shunt at 4 weeks after the repair surgery. Histologically, the tissue on the dorsal aspect of the conus medullaris was the wall of the dermoid cyst, which was lined by keratinizing stratified squamous epithelium. The cyst wall was overlaid with an inflamed arachnoid membrane, which was densely infiltrated by neutrophils ( Fig. 3a, b , c). The membrane covering the nerve roots showed fibrotic tissue with mild inflammatory infiltration encapsulating keratin debris (Fig. 3d ) and a hair shaft (Fig. 3e ). The membrane covering the cauda equina focally showed lining of arachnoid epithelium that was immunopositive for epithelial membrane antigen, podoplanin, and vimentin, and was densely infiltrated by neutrophils ( Fig. 3f, g) . These histological findings indicated chemical arachnoiditis caused by the ruptured dermoid cyst content. Figure 4 illustrates a possible mechanism for development of the rare pathologies in our patient. A dermoid cyst was initially located at the dorsal aspect of the conus medullaris in the MMC sac (Fig. 4a ). Between 23 +3 and 24 +4 weeks of gestation, rupture of the MMC sac occurred as shown by US (Fig. 4b) . Pieces of the arachnoid membrane also covered the neural elements at the bottom of the MMC sac. At this time, rupture of the dermoid cyst also occurred. Dissemination of cyst contents, such as fibrin debris and hair in the MMC sac, caused an acute and chronic inflammatory reaction [6] of the arachnoid membrane over the neural structure (Fig. 4c ). The remnant MMC sac also became thickened with the inflammatory process and adhered to the ruptured site of the dermoid cyst.
Discussion
Previous reports have shown that a coexistent dermoid element within a dysraphic neural structure can be microscopic and escape intraoperative observation at the initial surgery for repair [3] [4] [5] . However, such a dermoid element can develop into a dermoid cyst with neurological deterioration if part of the Fig. 2c-2. (a, b, c) The tissue on the dorsal aspect of the conus medullaris is the wall of a dermoid cyst, which is lined by keratinizing stratified squamous epithelium. The cyst wall is overlaid with an inflamed arachnoid membrane, which is densely infiltrated by neutrophils. Higher magnification views of the area are indicated by dashed squares in (a). (d, e) The membrane covering the nerve roots shows fibrotic tissue with mild inflammatory infiltration encapsulating keratin debris (d) and a hair shaft (e, black arrow). (f, g) The membrane covering the cauda equina focally shows lining of the arachnoid epithelium, which is immunopositive for epithelial membrane antigen (EMA) (g, black arrows), and is densely infiltrated by neutrophils. A higher magnification view of the area is indicated by dashed squares in (f) dermoid element remains [5] . In the present case, the dermoid cyst was not directly observed because the ruptured cyst wall was tightly adhered to the back surface of the turbid, thickened MMC sac. Based on the intraoperative finding that keratin debris and hair were disseminated between the nerve roots, the presence of a dermoid cyst was highly suspected and definitively diagnosed with a histopathological examination. Physicians should be aware of the possibility of rupture of a dermoid cyst in the MMC sac during the fetal period.
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